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Abstract Greenhouse Gas (GHG) emissions from agriculture and forestry sources in the energy sector
have been estimated based on a top-down approach, which is an efficient way to estimate GHG
emissions with the limited number of emission factors and activity data. On the other hand, for GHG
abatement policies, more detailed information and data on GHG emissions are required. This study
discusses how to improve the estimates of GHG emissions from the agricultural and forestry sources in
the energy sector. To this end, this paper reviews the current estimation method of GHG emissions and
presents three suggestions to enhance the current method. First, the development of country specific
emission factors and corresponding activity data is proposed based on the 2006 IPCC Guidelines,
National Greenhouse Gas Inventory Reports from other countries, and Domestic Statistics. Second, the
uncertainty in COz emissions from agriculture in energy sector based on 2006 IPCC Guidelines is
estimated, and ways of reducing the uncertainty in CO, emissions are suggested. Finally, a potential way

to reflect the GHG emissions from the use of renewable energy is suggested.
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Where, £;; denotes CO; emissions, 7'4,; denotes
total activity, /NVA;; denotes non-energy use
activity, #'CS;; denotes fraction carbon storage,
CF; denotes conversion factor, EF; denotes
emission factor, OF} denotes oxidation factor, i

denotes fuel type and j denotes category.

EJ; = Y[TA;; x< 41.868 X CF, 2
X EF,;<107°]
Where, Ejj; denotes CO: emissions, 74,

denotes total activity, CF; denotes conversion
factor, EF; denotes emission factor, ¢ denotes

fuel type and j denotes equipment type, k
denotes category.
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Fig. 1. Activity data for estimating GHG emissions
from agriculture category in energy sector
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Table 1. 2016 GHG Emissions from agriculture and
forestry category in energy sector
Unit: Thousand Ton COzeq.

GL Category CO2 CHgy N0 Sum
Agriculture | 1,112.993 2.800 58.385|1,174.178
2006 Forestry 1.623 0.004 0.097 1.724
Total 1,120.984 2.818| 58.485|1,182.287
Agriculture | 1,105.722 2.261 2.812]1,110.795
1996 Forestry 1.616 0.003 0.004 1.623
Total 1,113.674 2.276 2.820| 1,118.770

Note 1: Total reflects the GHG emission from Town Gas” which
is not accounted for in Agriculture and Forestry sources.
Note 2: Emission factor for diesel farm equipment is applied to
mobile emission from oil when applying 2006 IPCC GL.

Note 3: Oxidation factor for CO, emission is assumed to be 1
when applying 2006 IPCC GL.

Note 4: Updated Global Warming Potential is applied for CHg
and N2O when applying 2006 IPCC GL.

Note 5: Emission factor for diesel is calculated from weighting
stationary and mobile emission factors with respective activity
data and stationary emission factor is applied for bunker oils
when applying 2006 IPCC GL.
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Table 2. Default uncertainty estimates for stationary
combustion emission factor(Source: 1996

IPCC GL)

Sector CHs4 N20O
Public POV‘-JEI‘,. CO*gen.eratlon and 50-150% Orde‘r of
district heating magnitude
Commercial, Institutional and 50-150% Order of
Residential combustion ’ magnitude
Industrial combustion 50-150% Orde‘r of
magnitude
Agriculture, Forestry and Fishery| unreported | unreported

Table 3. Level of uncertainty associated with
stationary combustion activity
data(Source: 1996 IPCC GL)

Well developed Less developed
Sector statistical system statistical system
Extrapolati Extrapolati
Surveys Surveys
on on
Main activity less than
electricity and 1% 3-5% 1-2% 5-10%
heat production ?
Commercial,
”r‘ztsﬁ‘;i?;l 3-5% | 5-10% | 10-15% | 15-25%
combustion
Industrial
combustion(Energy 0 o o o
intensive 3% 3-5% 3% 5-10%
industries)
Industrial 3-5% | 5-10% | 10-15% | 15-20%
combustion(others)
Blom:szrlc‘;:maﬂ 10-30% | 20-40% | 30-60% | 60-100%
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Table 4. Emission factors by farm equipment types in
Australia[12]

Unit: g/MJ
Type CHy N.O
Farm equipment-ADO 0.01 0.002
Tractors 0.0096 0.002
Non-tractors 0.011 0.002

Table 5. Emission factors by agricultural equipment
types in the U.S.[13]
Unit: g CH4, N2O/gal fuel

Type CHq4 N.O
‘Agricultural . 1.26 0.22
equipment-Gasoline
Agricultur%l 1.44 0.26
equipment-Diesel
A A A 71 2 ) 2 2
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Table 6. 2017 Domestic farm equipment status[12]

Type Number of equipments
Two-wheel tractor 567,070
small-sized 73,403
Tractor medium-sized 148,538
large-sized 68,205
Speed Sprayer 57,266
pedestrian 99,568
Rice transplanter
riding 96,136
riding 373,732
Tiller

pedestrian 33,471
less than 4 14.274

reapers
Combine 4 reapers 38,971
more than 4 23767

reapers
Grain dryer 79,029
agricultural product dryer 245,315
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Table 7. Uncertainty estimates for CO; emissions in

U= SEIFEY CO, HiEASY 5%ETh 3A 4
= Qieh v o2 HiEso] 7P W& AR ARgo] o
YR Eof 5HHRE B0 X JFo] M & A
o= Yetgtt ol Y=Y A5 A4t T Hf
At 1 EFE 1E3kE B HiEH AR A
2 EE UIEHY AR A% JA A FIAE
U QJuigitt.

SHAIRE "2006 IPCC 7hol=&tl,y AT oA &
CHs ¥ N;O #i&AR] EFLE 300%=2 42 HA7st
I Itk o= 2006 IPCC 7hol==kRl, YAl CH4SF
N0 Hi&AIFS] B8] gt A7t i HE53E
oJu)gitt. sHA|Tk sfe]ol A= Table 87 o] 1AL
of gt =7Md CHF N0 WiEAs B s 153}
I Qiet webd B8] 277 ddide® & CHSb
N;O HiEASe £ 153 N B3l oA =ok
SARE W& ESLE wee davt Atk

I e

Agriculture based on 2006 IPCC Guideline Table 8. Uncertainty estimates for CH4 and N0
[Applying emission| ~ Applying 5% stationary combustion emission factors in
Fuel CO, factor uncertainty| emission factor 2006 IPCC Guideline
ue Emission | from 2006 IPCC | uncertainty for
Gl each fuel GHG Country 95% CI Distribution
Gasoline 87.332 0.152213 0.209126 -
Austria +50 Normal
Kerosene 274.561 0.794400 2.067002 o
Diesel | 592840 3.175562 9.636930 Finlan 75~ 10 Beta
B-A 16.762 0.002484 0.007704 Norway 50 ~ 100 Log normal
B-B 73.613 0.051923 0.148583 CHi | Netherlands 25
B-C 15.637 0.002671 0.006705 UK. +50 Censored normal
Propane 6.792 0.000709 0.001265 Us order of _
Butane 0511 0.000004 0.000007 - magnitude
Solvent 0.552 0.000003 0.000008 Austria +20 Beta
Others 44.945 0.018444 0.055390 Finland =75 ~ 10 Beta
Total | 1113545 | 4198412 12.132720 Norway 266 ~ 200 -
Uncertainty estimates for N20O
CO;, emissions in 2.049003 3.483205 Netherlands 75 .
Agriculture UK. +100 ~ 200 -
u.s. -55 ~ 200 -

24 A3, 20164 oA Rof FAREL] CO, HWiE
F BT oF 2.1%= AE G ol dyAEo} &
PHE] 2A47FA wiETFY 95% A= 7t A slekgk
0] 1,090.1813 & COzeq.0lH, Atgto] 1,136.9094
E COzeq.¥g 9uidltt. &3+ 12006 IPCC 7Hol=gt
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Table 9. Utility rate wood pellet in greenhouses for

vegetables
Unit: ha, %

Wood Pellet Total

Year greenhouse
Area Rate area
2014 542 50.2 1,079
2015 730 55.7 1,310
2016 684 51.8 1,321
2017 606 50.2 1,208

AP x| 9] HjEHS APYSH] floiA= HiEA
4 9 a7 @7E 72006 [PCC 7Ho| =kl 2
o}l Table 1001412} o] A FAIAE 7] vi&A
5 AAstaL St FAIH S 2 2006 IPCC 7ol=2f
oz EofoA9]  HpolemjA  Am  AHY
(treatment of biomass)°] Hgt W8S A<&sta o
o, 7 2 sHoldREol tigh "ol oA ARe]
COs, CHy, 133 NoO°f| thgt vi&AI=E A5t
th & CO; HiEFE 59, 9 ¥ 7Ig EXolE
(AFOLU: Agriculture, Forestry and Other Land
Use, ©J3F AFOLU) #ofofl ¥tgE|o] 3loug oA
ZopollA Mg APPSR QRA|NE Hlo] QA ANgO®
13k CHs9t N2O HiE®2 AFOLU Hofol| ¥g=]#] oF
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Table 10. Default emission factors for stationary
combustion of biofuels in residential and
agriculture/forestry/fishing categories

Fuels CO2 CH4 N20
wood/wood waste | 112,000 300 4
Solid sulphite lyes 95,300 3 2
biofuels other primary solid 100,000 300 4
biomass
charcoal 112,000 200 1
biogasoline 70,800 10 0.6
Liquid
biofuels biodiesel 70,800 10 0.6
other liquid biofuels| 79,600 10 0.6
landfill gas 54,600 5 0.1
bioGniZss sludge gas 54,600 5 0.1
other biogas 54,600 5 0.1
other
non-fossil | municipal wastes 100,000 300 4
fuel

AR sUEor AR BEAtRE ORIt
A ZA5Rt eoln, o] U Eof sUFE A7
& APge 7P & 29ER Agokal ok A Al
Ao o] 247k wiEFE T U EAAE, W
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S HEEAEFE, AVHE HS, AR 59, Aol
YA, AR AridA] S)elM BitEE uAgE A
3 o2, olF oUABAAES] AAFAA] A o
A AYabgoll A et AmE AU A] & A
de s ARgskaL o
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UA A=E iR AR daolA EAsk=
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F, ArlY] 24, drEA) 54 5 e FAA] A
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olQuA Ao} sl AH, 7MY, A, WAt 5
FEdE i SRS 755kl 3o olg 7t
oz FEE 247N WEFE APIStaL Jlotiel.

B, = F, X §xX WX fn,{ L PEF, } 6)

Where, £}, denotes emission of GHG k in year
n, F), denotes amount of fuel combusted in year

n, S denotes softwood use correction factor, W
denotes wet wood correction factor, fn; denotes

formula linking the GHG emission factor for gas

k, PEF, denotes weighted particulate emission

factor for year n.
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